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ABSTRACT
Enhancement of physical function had been shown in older adults who actively participate in physical activities, 
particularly in the form of aerobic training with addition of progressive resistance training (PRT). However, it is quite 
challenging and risky for most older adults to exercise in standing position without any support. Chair Based Exercise 
(CBE) is an alternative mode of exercise for older adult to facilitate exercise participation and increase safety. Its effect 
when combined with resistance training is unknown to date. Therefore, the aim of this study was to evaluate the outcome 
of CBE with PRT on physical performances among older adults. A total of 18 older adults (13 females (72%)) and 5 males 
(28%)), aged 60 to 83 years with mean age (SD) 72.67 (6.17) years completed the study. All subjects performed CBE with 
PRT intervention twice weekly for 8 weeks, with individually-tailored exercise progressions. Pre and post measurements 
of physical performance were performed using Six MinutesWalk Test (6MWT), Five Times Sit to Stand (FTSTS) and Hand 
Grip Strength (HGS) test. Significant improvement in 6MWT (p < .001), HGS Right hand (p = .043), HGS Left hand (p < 
.001), FTSTS (p < .001) was shown after the eight-week intervention. Adding PRT into seated exercises results in further 
improvement in physical performance of older adults. CBE-PRT may be recommended as an exercise routine for older 
adults living in the community.
Keywords: Chair based exercise; Progressive Resistance Training; physical performances; older adults
INTRODuCTION
According to the Malaysian National Policy Division in 
2008, older adults are classified as those aged 60 years and 
above. The number of Malaysian older adults is estimated 
to be 1.4 million in 2000 and is projected to increase to 3.3 
million in the year 2020 (Mafauzy 2000). Aging induces 
the loss of skeletal muscle mass, strength, power, and 
function which can lead to reduced quality of life (Hunter 
et al. 2004; Von Haehling et al. 2010).
Exercise and physical activities, either in a form of 
endurance or resistance training are well known to have 
positive impact in preventing, delaying or reversing the 
frailty process and consequently improve quality of life 
(Ferrucci et al. 2004). Systematic reviews including meta-
analyses have reported that both types of exercise training 
appear to be the best way to improve walking performance, 
physical fitness , grip strength, flexibility, balance (Cadore 
et al. 2013; De Vries et al. 2012; Freiberger et al. 2012) and 
functional performance in older adults (Hruda et al. 2003; 
Thomas & Hageman 2003; witham et al. 2005).
Practising regular exercise and being physically 
active in daily life are known to correlate positively with 
improvement in mobility (Nelson et al. 2007). However, 
the traditional mode of exercise training, which is mostly 
performed in standing position, is challenging for older 
adults, especially those with compromised balance and 
mobility (Villareal et al. 2011). Modification of exercise in 
older adult is highly recommended to meet their individual 
needs (Nelson et al. 2007). Chair-based exercise (CBE), an 
alternative mode of exercise training which was introduced 
in the recent years enable older adults to be physically 
active regardless of their physical abilities (Anthony et al. 
2013; Cancela et al. 2017). A recent study in which older 
adults aged above 80 years were enrolled has introduced 
three different types of CBE namely aerobic exercise 
programme, muscular resistance exercise programme and 
joint mobility programme (Cancela et al. 2017). CBE can 
be offered in either a residential care or a home setting 
(Morley et al. 2002) and has also been used on older adults 
with specific conditions such as dementia (Thomas & 
Hageman 2003), breast cancer (Headley et al. 2004) and 
heart failure (witham et al. 2005). CBE for patients with 
heart failure has been developed, which contain several 
exercise levels to enable wider range of intensity to meet 
the patients’ individual needs (Razaob & Doherty 2012). 
CBE is shown to be feasible and beneficial in reducing 
fatigue and improving physical well-being among patients 
with breast cancer (Headley et al. 2004), enhancing daily 
activity levels among patients with heart failure (witham et 
al. 2005), and strength, balance, physical fitness, physical 
activity and quality of life among older people (Cancela 
et al. 2017; Durutürk et al. 2016). 
Progressive resistance training (PRT) is often used to 
increase muscle strength (Liu et al. 2011). PRT is a type 
of strength training in which participants need to exercise 
their muscle against resistance at a specific set of intensity 
which is adjusted throughout the training (Christie 2011; 
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Liu et al. 2011). PRT has been shown to be beneficial in 
increasing dynamic muscle strength, muscle size, and 
functional capacity (Mccartney et al. 1995; Steele et al. 
2017) as well as wellbeing (Steele et al. 2017) among older 
adults. utilizing Thera-band as a resistance device is highly 
recommended as it is easily available and the training 
can be continued in home setting instead of using weight 
machines (Damush & Damush Jr 1999). Low to moderate 
intensity resistance training is highly recommended for 
older adults to prevent strength decline (Steib et al. 2010). 
As such, adding a resistance training component into a 
CBE program could be beneficial for older adults to further 
enhance their physical performances. However, there is 
limited available evidence on CBE with resistance training 
among older adults, with only one study was found to 
date. Therefore, the purpose of our study is to evaluate 
the outcome of CBE with PRT (CBE-PRT) on physical 
performances among institutionalized older adults.
METHODOLOGY
STuDY DESIGN AND LOCATION
This was a one-group multi-centre experimental study 
which conducted at three different old folks’ home in the 
Klang Valley in Malaysia.
PARTICIPANTS
Nineteen older adults aged 60 years and above were 
recruited based on inclusion and exclusion criteria. The 
inclusion criteria were: (1) able to walk for at least six 
minutes with or without walking aids and (2) score more 
than 5 in Elderly Cognitive Assessment Questionnaire 
(ECAQ). Participants with psychological illness which 
were identified using Mental Health Screening Form-III 
(MHSF-III) and chronic unstable medical illness such as 
uncontrolled hypertension were excluded from this study. 
written informed consent was obtained from participants 
before commencing any test and procedure. This research 
project was approved by universiti Kebangsaan Malaysia 
ethical committee (uKM1.2.3/244/NN-2017-014).
INTERVENTION
The exercise intervention consisted of CBE with inclusion 
of resistance training (CBE-PRT). The CBE-PRT was 
performed for two sessions per week for two months. 
Participants were allocated into different level of CBE based 
on their functional performance, which was determined on 
walking test. CBE was demonstrated by playing digital video 
disc (DVD). CBE program consists of several intensities with 
involvement of upper limb and lower limb activities with 
the total duration of the training between 15 to 45 minutes 
depending on the level. Each CBE includes warm up, main 
exercise and cool down. CBE with higher intensity involve 
standing exercise components. Participants who performed 
well and able to follow CBE exercises independently were 
progressed to a higher level CBE.
PRT was conducted in the last part of the CBE in each 
session. Moderate intensity resistance training with the 
use of Thera-band was chosen in this study. The PRT was 
started by using the lowest resistance indicated by the 
yellow-colored Thera-band and performed for three set of 
10 repetition maximum (10-RM). It was then progressed 
to the next resistance level by using the red-colored 
Thera-band and eventually green-colored Thera-band. 
The exercises include bicep curl, triceps extension, chest 
press, single leg press, hip abduction, knee extension and 
ankle dorsiflexion and plantarflexion. The progression 
was depending on a number of factors such as quality of 
the training. This quality of training includes the number 
of rate and repetition of resistance training. Resistance 
training was conducted based on guidelines provided by 
American College of Sport Medicine (ACSM) for older 
adults (Nelson et al. 2007).
Vital signs such as blood pressure (BP), heart rate (HR) 
and oxygen saturation (SPO2) were monitored before and 
after exercises in every session.
OuTCOME MEASuRES
Three physical performance tests were used as the outcome 
measures for this study, namely Six minutes walking test, 
hand grip strength test and five times sit to stand test.
Six Minutes walking Test (6MwT): 6MwT was 
used as indicator of aerobic endurance. Participants 
were required to walk as far as possible in 6 minutes 
along 15 metres shuttle line that has been marked on the 
floor. walking aids were allowed if necessary. Blood 
pressure (BP), heart rate (HR), oxygen saturation (SPO2) 
and Borg Scale were measured at baseline as well as on 
completion of walking. Instructions and encouragements 
were standardized for all participants. Total distance was 
recorded after 6 minutes (Laboratories 2002). 6MwT is 
easy to administer, sensitive to change after intervention 
and has high test-retest reliability among older adults in 
Malaysia (ICC = 0.97) (Razaob et al. 2016).
Hand Grip Strength (HGS): Digital hand dynamometer 
(Saehan®, Model DHD-1) was used to assess strength 
of right and left hand. Participant was seated with elbow 
unsupported and flexed at 90°. Participants were instructed 
to perform maximum contraction of the hand (squeeze 
the hand bar) and hold for 4 to 5 seconds and performed 
the second trial after 60 seconds rest. The highest score 
of maximum contraction was recorded and used for data 
analyses (Trampisch et al. 2012). Grip strength is a valid 
test for prediction of generalized upper body strength 
among older adults (Bohannon 1998).
Five Times Sit to Stand (FTSTS): FTSTS test was used 
to measure functional lower limb strength. A standard 
armless chair (approximately 43 cm high) was used. 
Participants were instructed to rise from sitting to fully erect 
position as fast as possible for five repetitions with both 
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arms cross over the chest. The time required to complete 
five repeated chair stands was recorded. Two trials were 
allowed with five-minute rest interval and the average 
time was calculated and used for data analyses (McCarthy 
et al. 2004). The test is shown to be reliable and valid in 
measuring lower limb strength in older adults in Malaysia 
with ICC 0.98 (Razaob et al. 2016).
STATISTICAL ANALYSIS
All data were analysed using Statistical Package for Social 
Sciences (SPSS) version 23.0. Paired t-test and wilcoxon 
signed rank test were used to compare pre and post 
outcomes of 6MwT, HGS and FTSTS.
RESuLTS
DEMOGRAPHIC DATA, ATTENDANCE AND ATTRITION
Among 19 participants who completed baseline assessments, 
1 participant dropped out from the intervention after a few 
training sessions. The reason for drop-out was moving out 
of the old folks home to live with son. The remaining 18 
participants completed all the 16 sessions of CBT-PRT in 
8 weeks and all outcome measurements.
The mean age ± SD of the participants was 72.67 ± 6.17 
(range 60 to 83) years. The characteristics of the participants 
are shown in Table 1. In the beginning of intervention, the 
overall distribution of CBE levels was at level 3. Towards 
the end of intervention, 11 of them progressed to level 4 
while another 8 were able to achieve level 5 of CBE. For 
resistance training, all of the participants started with 
yellow-colored Thera-band. Progression of training load 
were observed in 9 participants who progressed to red-
colored Thera-band.
TABLE 1. Characteristics of study participants (n = 18)
   Variables  N (%)
 Gender Male 5 (27)
  Female 13 (73)
 Marital Status Married 4 (22)
  Single 12 (67)
  widow/Divorced 2 (11)
 Educational level None 7 (39)
  Primary school 2 (11)
  Secondary school 9 (50)
 Medical illness* None 1 (5.5)
  One disease 2 (11)
  Two disease 12 (67)
  Three disease 3 (16.6)
 walking Ability Independent 14 (77.7)
  using walking stick 1 (5.5)
  using tripod 1 (5.5)
  using walking frame 2 (11)
 Previous exercise  None 7 (39)
 practice* 1-2 days/week 5 (27)
  3-4 days/week 3 (16.6)
  5-6 days/week 1 (5.5)
  7 days/week 2 (11)
 *Medical illness included hypertension, diabetes, high cholesterol
 *Previous exercise practice is mainly brisk walk in the morning
PHYSICAL PERFORMANCES
Table 2 shows a significant improvement in 6MwT (p < 
.001), Right HGS (p = .043) and Left HGS (p < .001), and 
reduction in time taken to perform FTSTS (p < 0.001) among 
the participants after 8 weeks of intervention.
TABLE 2. Comparison of 6MwT, HGS and FTSTS at baseline (pre-CBE) and at post-intervention
  Pre – CBE with PRT Mean ± SD Post – CBE with PRT Mean ± SD p
 6 MwT1 (m) 212.56 ± 92.30 272.69 ± 122.38 < .001
 HGS Right Hand1 (kg) 13.81 ± 6.32 16.12 ± 6.67 0.043
 Left Hand1 (kg) 12.87 ± 5.28 16.85 ± 6.07 <.001
 FTSTS2 (s) Median (IQR) Median (IQR)
  16.4 12.2
  (14.55 – 18.88) (10.08 – 14.75) <.001
 Note: n = 18
 1 = Paired T-test (Mean ± SD) 2 = wilcoxon rank test (Median (IQR))
DISCuSSIONS
The purpose of this study was to determine the outcome of 
an eight-week CBE-PRT on physical performances among 
older adults. Previous studies on the evaluation of health 
status among older adults reported persistent problem 
in performing daily living task, and issues in flexibility, 
muscle strength and balance (Chen et al. 2012). Therefore, 
exercise programs which aim at improving these health 
related conditions are recommended for older adults. 
Our results showed that CBE program, with inclusion of 
PRT induced positive effects on older adults’ physical 
performances.
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Significant improvement in both right and left hand 
grip strength was found in older adults in our study. This 
effect could be due to the exercise intervention which 
involved upper body exercises in each level of CBE and 
resistance training. Our finding is consistent with the result 
of previous study that showed significant improvement in 
average grip strength after 6 weeks of resistance training 
(Thomas & Hageman 2003). 
Significant reduction in time taken to perform FTSTS 
indicates improvement in lower limb strength among our 
study participants. Our results support finding of previous 
study which reported 22% improvement in lower limb 
strength after 6 weeks of resistance training (Thomas & 
Hageman 2003). Another past study which used short 
duration moderate intensity resistance training also 
reported similar results at 6 weeks of intervention (Cavani 
et al. 2002). Improvement in lower limb strength in our 
participants could resulted from the nature of training, in 
which sit-to-stand exercise and resistance training targeting 
major knee and ankle muscles that influence sit-to-stand 
performance were included in the program. A past study 
reported that the performance of sit-to-stand task is largely 
influenced by the strength of knee extensors, knee flexors, 
and ankle dorsiflexors (Lord et al. 2002).
Significant improvement in aerobic endurance is also 
shown among older adults in our study. Contrary to this 
finding, past studies using CBE as intervention programme 
reported that there was no significant changes in 6MwT at 6 
months of intervention for heart failure population (witham 
et al. 2005). Another study which used moderate intensity 
resistance training for 6 weeks also reported similar result 
(Cavani et al. 2002). These contradictory findings could 
be due to the modification of CBE in our study, in which 
PRT was added into the exercise intervention. Further, our 
study involved older adults who have no underlying cardiac 
disease, which may have influenced the training effect. 
Older adult with heart failure (HF) have been reported 
to have less capability to response to training stimulus 
in term of skeletal muscle function which could lead to 
poor functional outcome compared to older adults without 
cardiac problems (Coats et al. 2017).
Our study intervention differs from other CBE 
programs (Durutürk et al. 2016; Hruda et al. 2003; 
Thomas & Hageman 2003; witham et al. 2005); it consists 
comprehensive CBE with different level of intensity and 
not limited to seated exercise only (Razaob & Doherty 
2012). By adding PRT training into the CBE, our intervention 
produces beneficial effect on physical performances of 
older adults despite the short intervention period. Our study 
supports the claim that resistance training using Thera-
band is safe, affordable and practical among older adults 
(Colado & Triplett 2008). There is evidence that low to 
moderate intensity exercise provides sufficient threshold 
for physical performances in older adults (Nelson et al. 
2007). Meanwhile, high intensity exercise is claimed to 
increase risk of injury and exercise drop out (Evetovich 
2009). Our study findings shown that moderate intensity 
resistance training is adequate to produce positive outcome 
despite the fact that our study participants included older 
adults with chronic medical illness, sedentary lifestyle and 
functional limitation.
CLINICAL IMPLICATION
It is well documented that majority of older adults are 
having sedentary lifestyle. CBE-PRT program, being 
feasible and practical can be recommended as an exercise 
routine for older adults in view to enhance functional 
performance as well as to keep them physically active. 
Health care providers such as physiotherapists may 
include this training program as part of a comprehensive 
physical therapy intervention for older adults living in the 
community.
LIMITATION OF STuDY
Our study findings are subjected to one main limitation. 
The older adults were recruited from senior citizen 
residential homes in Klang Valley only and consisted of 
more female than male participants. Therefore, our findings 
could not be generalised to older adults’ population in 
Malaysia. Further study with larger samples and inclusion 
of older adults from rural areas is warranted to strengthen 
our study findings.
CONCLuSION
In conclusion, combining PRT into a CBE program produces 
positive outcome in physical performances of older adults. 
CBT-PRT is therefore recommended as a part of daily living 
routines for older adults in the community.
ACKNOwLEDGEMENT
The authors thank the residents of Noble Care Malaysia, 
Elder Care Nursing Home and Charis Home for 
participations in this research project. The Chair-based 
Exercise DVD used in this study is based on the work of 
Profesor Patrick Doherty from the Department of Health 
Sciences, university of York, with permission and the 
research was Partly Funded by university Kebangsaan 
Malaysia via the Young Researcher Grant Scheme 2013 
(GGPM-2013-101).
REFERENCES
Anthony, K., Robinson, K., Logan, P., Gordon, A. L., Harwood, 
R. H. & Masud, T. 2013. Chair-Based Exercises for Frail 
Older People: A Systematic Review. BioMed research 
international 2013.
Bohannon, R. w. 1998. Hand-Grip Dynamometry Provides a 
Valid Indication of upper Extremity Strength Impairment 
in Home Care Patients. Journal of Hand Therapy 11(4): 
258-260.
Chap 22.indd   168 31/05/2018   15:52:06
169
Cadore, E. L., Rodríguez-Mañas, L., Sinclair, A. & Izquierdo, 
M. 2013. Effects of Different Exercise Interventions on 
Risk of Falls, Gait Ability, and Balance in Physically Frail 
Older Adults: A Systematic Review. Rejuvenation research 
16(2): 105-114.
Cancela, J., Pallin, E., Orbegozo, A. & Ayan, C. 2017. Effects of 
Three Different Chair-Based Exercise Programs on People 
over 80 Years Old. Rejuvenation research ja).
Cavani, V., Mier, C. M., Musto, A. A. & Tummers, N. 2002. 
Effects of a 6-week Resistance-Training Program on 
Functional Fitness of Older Adults. Journal of Aging and 
Physical Activity 10(4): 443-452.
Chen, K.-M., Lin, M.-H., wang, Y.-C., Huang, H.-T. & Li, 
C.-H. 2012. A Model-Based Survey of Physical Health in 
Community-Dwelling Older Adults. Journal of Nursing 
Research 20(4): 239-248.
Christie, J. 2011. Progressive Resistance Strength Training for 
Improving Physical Function in Older Adults. International 
Journal of Older People Nursing 6(3): 244-246.
Coats, A. J. S., Forman, D. E., Haykowsky, M., Kitzman, D. w., 
Mcneil, A., Campbell, T. S. & Arena, R. 2017. Physical 
Function and Exercise Training in Older Patients with Heart 
Failure. Nature Reviews Cardiology.
Colado, J. C. & Triplett, N. T. 2008. Effects of a Short-Term 
Resistance Program using Elastic Bands Versus weight 
Machines for Sedentary Middle-Aged women. The Journal 
of Strength & Conditioning Research 22(5): 1441-1448.
Damush, T. M. & Damush Jr, J. G. 1999. The Effects of Strength 
Training on Strength and Health-Related Quality of Life in 
Older Adult women. The Gerontologist 39(6): 705-710.
De Vries, N., Van Ravensberg, C., Hobbelen, J., Rikkert, M. 
O., Staal, J. & Nijhuis-Van Der Sanden, M. 2012. Effects 
of Physical Exercise Therapy on Mobility, Physical 
Functioning, Physical Activity and Quality of Life in 
Community-Dwelling Older Adults with Impaired Mobility, 
Physical Disability and/or Multi-Morbidity: A Meta-
Analysis. Ageing Research Reviews 11(1): 136-149.
Durutürk, N., Acar, M. & Karataş, M. 2016. Effects of Chair-
Based Exercises for Older People on Physical Fitness, 
Physical Activity, Sleep Problems and Quality of Life: A 
Randomized Controlled Trial. Turkiye Klinikleri Journal 
of Health Sciences 1(1): 47-54.
Evetovich, T. K. 2009. Progression Models in Resistance Training 
for Healthy Adults (Vol 41, Pg 687, 2009). Medicine and 
Science in Sports and Exercise 41(6): 1351-1351.
Ferrucci, L., Guralnik, J. M., Studenski, S., Fried, L. P., Cutler, 
G. B. & walston, J. D. 2004. Designing Randomized, 
Controlled Trials Aimed at Preventing or Delaying 
Functional Decline and Disability in Frail, Older Persons: 
A Consensus Report. Journal of the American Geriatrics 
Society 52(4): 625-634.
Freiberger, E., Häberle, L., Spirduso, w. w. & Rixt zijlstra, G. 
2012. Long-Term Effects of Three Multicomponent Exercise 
Interventions on Physical Performance and Fall-Related 
Psychological Outcomes in Community-Dwelling Older 
Adults: A Randomized Controlled Trial. Journal of the 
American Geriatrics Society 60(3): 437-446.
Headley, J. A., Ownby, K. K. & John, L. D. 2004. The Effect of 
Seated Exercise on Fatigue and Quality of Life in women 
with Advanced Breast Cancer. Oncology Nursing Forum, 
hlm. 
Hruda, K. V., Hicks, A. L. & Mccartney, N. 2003. Training 
for Muscle Power in Older Adults: Effects on Functional 
Abilities. Canadian Journal of Applied Physiology 28(2): 
178-189.
Hunter, G. R., Mccarthy, J. P. & Bamman, M. M. 2004. Effects 
of Resistance Training on Older Adults. Sports medicine 
34(5): 329-348.
Laboratories, A. C. O. P. S. F. C. P. F. 2002. Ats Statement: 
Guidelines for the Six-Minute walk Test. American Journal 
of Respiratory and Critical Care Medicine 166(1): 111.
Liu, C.-J., Becker, J., Ford, S., Heine, K., Scheidt, E. & wilson, 
A. 2011. Effects of upper-Extremity Progressive Resistance 
Strength Training in Older Adults: The Missing Picture. 
Physical & Occupational Therapy in Geriatrics 29(4): 
255-269.
Lord, S. R., Murray, S. M., Chapman, K., Munro, B. & 
Tiedemann, A. 2002. Sit-to-Stand Performance Depends 
on Sensation, Speed, Balance, and Psychological Status 
in Addition to Strength in Older People. The Journals of 
Gerontology Series A: Biological Sciences and Medical 
Sciences 57(8): M539-M543.
Mafauzy, M. 2000. The Problems and Challenges of the Aging 
Population of Malaysia. The Malaysian Journal of Medical 
Sciences: MJMS 7(1): 1.
Mccarthy, E. K., Horvat, M. A., Holtsberg, P. A. & wisenbaker, 
J. M. 2004. Repeated Chair Stands as a Measure of Lower 
Limb Strength in Sexagenarian women. The Journals of 
Gerontology Series A: Biological Sciences and Medical 
Sciences 59(11): 1207-1212.
Mccartney, N., Hicks, A. L., Martin, J. & webber, C. E. 1995. 
Long-Term Resistance Training in the Elderly: Effects on 
Dynamic Strength, Exercise Capacity, Muscle, and Bone. 
The Journals of Gerontology Series A: Biological Sciences 
and Medical Sciences 50(2): B97-B104.
Morley, J. E., Perry Iii, H. M. & Miller, D. K. 2002. Something 
About Frailty. The Journals of Gerontology Series A: 
Biological Sciences and Medical Sciences 57(11): M698-
M704.
Nelson, M. E., Rejeski, w. J., Blair, S. N., Duncan, P. w., Judge, 
J. O., King, A. C., Macera, C. A. & Castaneda-Sceppa, C. 
2007. Physical Activity and Public Health in Older Adults: 
Recommendation from the American College of Sports 
Medicine and the American Heart Association. Circulation 
116(9): 1094.
Razaob, N. A. & Doherty, P. 2012. The Development and 
Prescription of Chair Based Exercise in Patients with Heart 
Failure.  university of Leeds/York St John university.
Razaob, N. A., Tang Shu Fern, P., Kadar, M. & Samin, N. 2016. 
Kebolehpercayaan Alat Penilaian Kefungsian Mobiliti Di 
Kalangan warga Emas Di Malaysia. Malaysian Journal of 
Health Sciences/Jurnal Sains Kesihatan Malaysia 14(1): 
Steele, J., Raubold, K., Kemmler, w., Fisher, J., Gentil, P. & 
Giessing, J. 2017. The Effects of 6 Months of Progressive 
High Effort Resistance Training Methods upon Strength, 
Body Composition, Function, and wellbeing of Elderly 
Adults. BioMed research international 2017.
Steffen, T. M., Hacker, T. A. & Mollinger, L. 2002. Age-and 
Gender-Related Test Performance in Community-Dwelling 
Elderly People: Six-Minute walk Test, Berg Balance Scale, 
Timed up & Go Test, and Gait Speeds. Physical therapy 
82(2): 128-137.
Chap 22.indd   169 31/05/2018   15:52:06
170
Steib, S., Schoene, D. & Pfeifer, K. 2010. Dose-Response 
Relationship of Resistance Training in Older Adults: A 
Meta-Analysis.
Thomas, V. S. & Hageman, P. A. 2003. Can Neuromuscular 
Strength and Function in People with Dementia Be 
Rehabilitated using Resistance-Exercise Training? Results 
from a Preliminary Intervention Study. The Journals of 
Gerontology Series A: Biological Sciences and Medical 
Sciences 58(8): M746-M751.
Trampisch, u. S., Franke, J., Jedamzik, N., Hinrichs, T. & 
Platen, P. 2012. Optimal Jamar Dynamometer Handle 
Position to Assess Maximal Isometric Hand Grip Strength 
in Epidemiological Studies. The Journal of Hand Surgery 
37(11): 2368-2373.
Villareal, D. T., Smith, G. I., Sinacore, D. R., Shah, K. & 
Mittendorfer, B. 2011. Regular Multicomponent Exercise 
Increases Physical Fitness and Muscle Protein Anabolism in 
Frail, Obese, Older Adults. Obesity 19(2): 312-318.
Von Haehling, S., Morley, J. E. & Anker, S. D. 2010. An 
Overview of Sarcopenia: Facts and Numbers on Prevalence 
and Clinical Impact. Journal of Cachexia, Sarcopenia and 
Muscle 1(2): 129-133.
witham, M. D., Gray, J. M., Argo, I. S., Johnston, D. w., Struthers, 
A. D. & Mcmurdo, M. E. 2005. Effect of a Seated Exercise 
Program to Improve Physical Function and Health Status 
in Frail Patients≥ 70 Years of Age with Heart Failure. The 
American Journal of Cardiology 95(9): 1120-1124.
Nor Afifi Razaob 
Occupational Therapy Program
School of Rehabilitation Sciences
Faculty of Health Sciences
universiti Kebangsaan Malaysia
Jalan Raja Muda Aziz
50300 Kuala Lumpur, Malaysia.
Nor Najwatul Akmal Ab Rahman
Faculty of Allied Health Sciences
Cyberjaya university College of Medical Sciences
No 3410, Jalan Teknokrat 3, Cyber 4,
63000 Cyberjaya, Selangor.
Ain Efahera Ahmad Tajuddin
Nor Azlin Mohd Nordin
Physiotherapy Program, School of Rehabilitation Sciences
Faculty of Health Sciences
universiti Kebangsaan Malaysia
Jalan Raja Muda Aziz
50300 Kuala Lumpur, Malaysia.
Corresponding author: Nor Najwatul Akmal Ab Rahman
Email: najwarahman0801@gmail.com
Tel: +60193833483
Fax: +060383137001
Received: August 2017
Accepted for publication: January 2018
Chap 22.indd   170 31/05/2018   15:52:06
